Surface photo-absorption (SPA) spectra for c(4x4) and Ga-stabilized, (4x2) surfaces with respect to a (2x4)p surface are observed and compared with reflectance difference spectra. SPA spectral features around 470 nm and between 500 and 800 nm are assigned to As and Ga dimers, respectively. The temporary appearance of the Qx4)9 phase during the surface conversion from c(4x4) to (4x2) 
supply is shown by using the time-resolution capability of SPA specrrum measuremenL Reflection high energy electron diffraction (RFIEED) has been used routinely to characterLze lHilrDvrrrfl'4h\rq+'.eA,--*-*srot# tl ool 300 400 500 600 700 800 900 wavelength (nm) at the same wavelength. The peak is caused by As dimers according to the RD spectra discussed below. Figure 2 shows RD spectra for two As-stabilized GaAs (001) surfaces. The upper curye was obrained for the (2x )0 surface prepared at 554"C under an As BEP of 4.7x10-3 Pa. According to Chang and Aspnes,3) the peak at 470 nm is caused by electronic transitions from lone pair orbitals of As atoms to anti-bonding orbitals of As dimers which are parallel to [Tl0] . Lnwering the substrate temperature to 466"C converted the surface to c(4x4), which showed the lower RD spectnrm in Fig. 2 . The lower curve shows an inverted peak at the same wavelength as the upper one, indicating that the As dimer direction on the c(4x4) surface is perpendicular to that on the (2x4) surface.
Combined with the RD observation shown in Fig.   2 , the SPA spectra in Fig. I The absence of SPA response around 450 nm with the incidence azimuth of [t10] is not yet understood.
Since this wavelength region coincides with the As dimer spectrum shown in Fig. 1 , one possibility is that a decrease in reflection intensity due to a loss of As dimers caused by deposited Ga atoms is compensated by an increase in reflection intensity around 450 nm due to Ga adsorption.
Next we investigated evolution of SPA spectra when Ga is supplied on a c(4x4) surface. The spectra shown in Fig. 5 , which were obtained with a Ga supply of 0.5 ML, are similar to the ones shown in Fig. 1 , which were obtained when the surface was converted from c(4x4) to (2x4) by As desorption. Therefore, we deduce that a (2xa)F surface emerges from c(4x4) during the Ga supply before a Ga-stabilized surface is formed.
In conclusion, we observed the SPA spectra for c(4x4) and Ga-stabilized (4xZ) surfaces with respect to (zxa)F surface. Using the time-resolution capability of SPA specffum measurement, we showed the temporary appearance of the Qx$$ phase during the surface conversion from c(4x4) to (4x2) by a Ga supply.
